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The purpose of this paper is to present a summary of a critical review of the literature on age, health, and work.
The health of older workers is a concern to the extent that the productivity of older workers is considered to be
a function of age-related health, the general conclusion being that age-related declines in health inevitably lead
to decreased productivity. This paper investigates the implications of age-related physiological and psychological changes on the productivity of older workers, by focusing on a critical examination of the ways in which
productivity has been conceptualized and operationalized. This paper concludes that the emerging concept of
"work capacity" has the greatest potential for addressing the productivity issues of workforce aging. Implications for public and corporate policy and for further research are also examined.

Key terms older worker, review, work capacity, workforce aging.

Introduction
The very concept of "older worker" is relatively new to our
contemporary cultural orientations. It is only in the last 15 to
20 years that the aging of the work force has become a
policy priority, both in the public and corporate domains.
This is a result of well-known and documented phenomena
and forces that characterizethe nature of Western industrialized society on the cusp of the 21st century, such as a demographic shift towards an older population [sometimes refessed to as the "squaring of the pyramid" (I)], the globalization of the economy, and the changing nature of work.
This paper presents a summary of a much longer review
of the literature pertaining to age, health, and work (2), undestaken as part of a major research project on "Issues of an
Aging Workforce" (IAW) funded by the federal government
of Canada and conducted at the Institute for Human Development, Life Course and Aging, University of T o ~ o n t o . ~
While the number of publications on age and work is growing rapidly (3-6), the literature on age, health, and work is
especially important to examine because many of the policies aimed at older workers are based on assumptions about
the relationships among these 3 domains. Indeed, the literature reviewed reveals that the major issue in terms of the
aging of the work force is a general concern that age-related
1
3

declines in health inevitably lead to the decreased productivity of older workers (7-15).

Attitudes towards older workers
Peterson & Coberly (16) highlight 5 important "myths" that
are related, either directly or indirectly, to age-related changes among older workers (ie, declines) in health: (i) increased
age results in generally poor health, loss of physical energy,
and increased illness, leading to the assumption that older
workers have a decreased capability to perform work tasks, a
loss of stamina, and higher rates of absenteeism; (ii) increased age results in higher accident rates, more lost workdays, and increased insurance and medical costs, leading to
the assumption that older workers are more expensive to a
company, increase company risks, and are a danger to themselves and their co-workers; (iii) increased age results in
lowered productivity because of slower actions, greater absence, and less commitment to the employer, leading to the
assumption that older people cannot compete with younger
workers; (iv) increased age results in a rigidity of behavior,
an inability to learn new skills, and a rejection of innovative
changes, leading to the assumption that older workers are not
good candidates for retraining and challenging assignments
that require leasning new skills and work mangements; and
(v) increased age reduces the potential value of retraining,
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job development, and skill upgrading, leading to the assumption that older workers are not worth the investment of company resources (what has been called the "human capital
argument").
According to one commentator (17), "the tragedy of ageist
attitudes is that people tend to acquire them early in life but
then reach the point where they are the targets of their own
stereotypes" [p 421.

Employment implications of attitudes towards older
workers
Data from the United States (18), the United Kingdom (14),
and other industrialized countries (19,20) indicate that the
labor-force participation rates of older men, aged 55 to 64
years, have fallen dramatically in the post-World War I1 era,
particularly since 1970.In Canada, unemployment data indicate that, while unemploymentrates of older workers may be
slightly lower than that of younger workers, the average duration of unemployment for Canadians aged 45 years and
over is greater than it is for younger Canadians (21). Some
researchers believe that official estimates of the unemployment rates of older people may hide the "emergence of [early] retirement as a disguised form of unemployment" [p 161
(21). Indeed, decreases in labor-forceparticipation rates and
increases in unemployment rates of older workers are explained in much of the literature in terms of the increase in
the use of early retirement strategies aimed at older workers
as a labor-market management strategy in times of decreased
demand for labor (14,21-23).
Research indicates that stereotypical attitudes are often
reflected in the performance appraisals of older workers (24,
25), and data from the United States suggest that there is an
age-related decline in earnings (26). Research in the United
Kingdom indicates that, where older workers are being recruited into the labor force, it tends to be predominantly into
part-time, low skill, low pay, low responsibility, and repetitive jobs (27). Lack of appropriate skills is often cited as
being a major factor in discouraging the recruitment of older
workers (14,28). Some researchers have pointed out that,
although discrimination against older workers operates
across all socioeconomic groups, its greatest impact is on
lower skilled groups (24).

found considerable discussion of age-related changes in
health. We also drew on the occupational health literature
that concerned the adaptation of work tasks and the workplace to the worker.
Because of the vast amount of literature that pertains to
issues of age, health, and work, many limitations were put
on the scope of this review. In particular, while issues of
gender, race or ethnicity, and class are clearly significantto
the topic, the review did not address these issues directly.

Health of older workers
The study of aging and health requires attention to the biological, psychological, and social components,and the knowledge bases pertaining to each of these is growing rapidly in
size, scope, and sophistication (29). Much of the literature
on aging and health focuses primarily on health changes in
people over 65 years of age and, therefore, was not especially useful for this review, which focuses on age-related health
changes in the older worker population, people 40 to 65
years of age.4For the purposes of this paper, the health of
older workers is discussed in terms of the physiological and
psychological changes associated with normal aging.5

Physiological dimensions
In this section, our discussion focuses on research on 3
major functions of the human body considered relevant to
work, namely, sensory, motor, and cardiorespiratory function.

Sensory function. It is the changes in the auditory and
visual senses that are of particular salience in a review of the
effects of age on work (31). Although the changes are generally gradual and the impairments typically mild or moderate, and in spite of significant individual differences, the
problem of hearing loss with age is unquestionably widespread (32). On account of well-documented age-related
changes in auditory sensitivity (30,33,35), older workers
may well find themselves handicapped by their own work
environments, which have been likely designed with younger workers in mind, as noted by Charness (36) and Charness
Scope of review
& Bosman (37-38).
Largely because of the high accessibility of the strucWhile the longer review (2) from which this paper was adapted
discusses conceptual issues related to "age" and "health" in
tures of the eye for scientific examination and study, the
detail, this paper focuses specifically on the literature related
age-related changes that occur in the visual system are also
to the health and productivity of older workers. Much of the
well understood (31,34,35). Changes in visual ability have
industrial and organizational psychology literature focuses
implications for older workers, especially as work technoloon issues of productivity, and it is in this literature that we
gy and organization continue to evolve (eg, the increased
4
The definition of "older worker" ranges from >40 years (30), based on the American Age Discrimination Act of 1986,
through >45 years (1 1, 15) to >55 years (7).
5
This slant raises another whole domain of research, namely, the distinction between primary ("normal") and secondary
("pathological") aging. For a fuller discussion of issues related to this distinction,see the longer literature review (2) from
which this paper was adapted.
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use of computers, the greater use of open workplace plans,
etc). With age, both an increase in the size of visual detail
and more intense lighting are often needed to work without
difficulty, although excess light can result in glare and discomfolt (36).

Motor function. Researchers have yet to determine the extent to which deterioration in motor function is due to aging
per se or to other potential contributing causes, such as declining levels of physical activity and motivation, lowered
societal expectations, and the occurrence of disease (39).
While there are great individual differences in the nature,
rate, and severity of age-related decline in human motor mechanisms (3 I), generally speaking, the effects of aging on motor performance tend to be both gradual and moderate. Although it remains unclear whether the intensity or duration
of activity is more responsible for the decline in overall motor performance, it is known that the declines are greater for
leisure activity than for on-the-job performance (40).
Declines in physical strength can largely be accounted
for by the deterioration in muscle mass that occurs with
aging (39). There is also an age-related decline in muscular
endurance, albeit less than that for muscular strength.A probable reason for the lower age decline in activities involving
endurance as opposed to strength is that compensatory strategies (such as the pacing of activity, for example) can be
implemented that function to offset somewhat the effects of
a loss of muscle tissue (40).
With respect to psychomotor behavior, the available evidence suggests lower degrees and rates of decline with age.
In their recent review, Forteza & Prieto (35) state that "the
critical loss in these abilities is less pronounced . . . and may
be compensated by practice" [p 4561. Similarly, Stagner (33)
notes that "in performing complex skilled jobs, it is possible
that some perceptual skills (use of cues to align work properly, etc.) may compensate for any loss of motor coordination" [p 7991. Significant differences in reaction time also
emerge with advancing age; the differences are small for
simple tasks, but older workers react more and more slowly
as complexity increases, especially when the stimuli are varied and appear at irregular intervals (41).
According to Welford (42), performance deficits with
age will not appear until work demands exceed physical capacity. However, the greater heterogeneity of older age
groups must be stressed again (39): "Evidence that interindividual variability in motor performance increases dramatically with increasing age is abundant.Therefore, descsiptions of 'average' behavior for specific age groups grow
less and less accurate for an individual's performance as the
age of the group increases" [p 1831.
Cardiorespiratory function. The combined functioning of
the cardiovascular and respiratory systems -cardiorespiratory capacity -is an excellent index of overall physiological fitness, and therefore is the subject of much research. A

recent report (15) from the World Health Organization(WHO)
on aging and work outlines the substantial cardiovascular
changes that occur with advancing age, including a decline
in intrinsic myocardial contractile function, a 50% decline in
ventricular filling between the ages of 20 and 80 years, and
an increase in the time between aortic valve closure and mitral valve opening (ie, relaxation time) resulting in a decrease
in maximum heart rate. The consequenceof these age-related
cardiovascular changes is a reduction in the maximal physical capacity of older workers; although cardiac output at rest
tends not to change with age, declines in cardiac function in
response to aerobic activity begin to appear by 40 years of
age, but they do not normally pose problems with respect to
work performance (43 as cited in 44).
The net result of the observed pattern of age-related decline in overall pulmonary function is a reduced capacity for
extended periods of physical labor (15,43 as cited in 44)
and increased breathlessness with physical activity (45). While
age-related alterations in the respiratory system may become
problematic with the onset of respiratory disease, these changes do not normally pose a problem for older workers (43 as
cited in 44). At the same time, it must be noted that the
declines discussed in this section vary greatly with physical
condition; therefore, older workers who strive to stay physically fit may be able to outperform more sedentary younger
workers (39).
While it is clear from the literature that aging is accompanied by several physiological changes, it is also important
to note the following (46): "Some processes appear to function adequately in older individuals under basal or resting
conditions; the age-related deficit is brought out only when
the system is stressed' [p 15 emphasis added].

Psychological dimensions
The following section reviews the cun-ent state of knowledge
with respect to age-related declines in the psychological dimensions of health that have implicationsfor work.
Cognitive competence. The concept of cognitive competence can be loosely defined (47) as "the degree of success
in functioning within a specific environment" [p 3181. While
considerable research has been and continues to be published on age and intellectual functioning, there has also been,
as Schaie (48) points out, a recent turning away from simply
studying the nature and extent of age differences and age
changes in intelligencetowards placing greater emphasis on
individual patterns of change and on the identification of the
factors that affect the rate of intellectual aging across the life
course. The widely accepted myth of general intellectual deterioration with age is no longer sustainable. (For a detailed
review of changes in intellectual abilities with age, see reference 49.) There is general agreement in the literature on
several points. First, there is greater variability in the scores
among people of a greater age; second, the decline on tests
of mental speed is greater than on tests of mental power;
Scand J Work Environ Health 1998, vol 24, no 2
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and, third, there is a differentiation among abilities regarding
the rate of deterioration (48,50).
It appears that it is not until after the age of 70 that a
masked decreased in performance is consistently observed,
although age-related stability and even increases in intellectual or cognitive abilities have been reported up to the 7th
and 8th decade of life. Generally speaking, the cognitive
losses that tend to be attributed to age occur largely among
those who suffer cardiovascular illness or who endure impoverished sociocultural sur~oundingsregadless of their age
(35). Age-related changes in intellectual functioning are typically minimal for healthy workers who receive high levels of
education and training and who are exposed to appropriate
stimulation by their surroundings (35). There is also accumulating evidence that self-rated health status has a significant impact on cognitive perfosmance (5 1-53).
Recent research indicates that the age-related decline in
the information-processingcapacity of older workers vasies
both by task complexity and by stress conditions (54). Older
workers show the greatest decline in performance in complex tasks that require rapid decision making and that have
to be canied out in noisy work environments (55).

Learning and memory. In contrast with earlier bleak evaluations of the capacity of older workers to learn (56,57),
there now exists a substantial amount of evidence documenting the continued leaning capacity of older workers. Numerous studies have investigated age-related differences in the
phases of acquisition, retention, and retrieval of information,
and several recent reviews of this reseasch focus particular
attention on the implications for older workers (15 , 35 , 5 8).
For example, although older workers require more time and
effort to encode information into the nervous system, once
information has been encoded, future retrieval efforts are
likely to be equally successful for older and younger workers (15,35). It also appears that once older workers become
relaxed and confident with their new environment they typically learn just as well -and just as rapidly -as younger
workers (59).
Secondary or long-term memory has long been believed
to be more susceptible to the effects of age than primary or
short-term memory (60). Older adults may fail to retrieve
specific information from long-term memory because it was
never really learned in the first place (61), and, in any event,
a decline in long-term memory may not be significant because older persons are usually able to adapt successfully to
the change (15). Because older people perform less well in
situations in which working memosy (ie, a temporary storage
mechanism) is heavily loaded (58), it may be that the older
adult's difficulty lies primarily in the processing rather than
storage aspects of memory. (See, for example, references 62
and 63.)
In terms of workplace training, Hultsch & Dixon (64)
note that "cognitive psychologists have increasingly begun
to view [learning and memosy] performance as a product of
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complex interactions among chasactelisticsof both the task
and the subjects performing it" [p 2661. Overall, later reviews (35,61,65,66) reaffirm Birren's earlier conclusions
that the changes in learning and memory typically experienced by older workers tend to be small, and they are likely
more closely related to motivation level, attention, perception, health status, and the learning context itself than to
some age-related incapacity to learn new skills (67). In general, current research indicates that the issue is no longer one
of determining whether or not older workers can be trained,
but rather one of isolating the best training approach(es),
with a view to optimizing the training potential of older workers (30,68,69).

Other psychological dimensions. It has been suggested
in the literatme that what may well be even more important
to age-related work performance than the physiological and
cognitive or perceptual factors alseady described are the general psychological changes that occur in a person over his or
her life course. In a review of the effects of aging on employee productivity, Boulne (70) concludes that job satisfaction and work motivation -both contributors to higher productivity -are "probably most affected by psychological
changes associated with the aging process" [p 441, specifically, adaptability or cognitive expertise (ie, the increased
use of compensatory strategies), vdous personality factors
(eg, locus of control), and identity and self-concept (ie, values, attitudes, and beliefs based on life experience and societal expectations).
Recent research into the relationships among age, health,
and a sense of control demonstrates that interventions designed to increase the feelings of self-directionand the control of older persons (such as teaching them effective coping
skills) result in improved cognitive problem-solving ability
(71-73). In terms of the workplace, efforts to enhance the
autonomy and decision latitude of older workers might well
result in heightened levels of psychological well-being and
performance.
In her study of adult identity, Whitbourne (74) demonstrates how changes in values, needs, and expectations at
work appear to involve a continuous adjustment of personal
interests and work environments. This line of research is
suggestive of important interrelations among age, identity,
and productivity - not to mention health. As Koyl (61)
observes, "healthy older people may be very competent at
handling stress as their experience in doing so is very broad"
[p 541. Similarly, work on "the hasdy personality" suggests
that the hardy worker might be expected to be more resistant
to illness as a result of transforming workplace stress into
challenge (75).

The foregoing review of the literature on the implications of
age-related health changes for older workers reveals 2 major
related issues that need to be examined further, namely, the
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significance of the adaptability and compensatory strategies
of older workers and the determinants of the productivity of
older workers.
In terms of the first issue, the role of experience in the
relation of age to productivity has received increased attention of late (76-78). A great benefit of years of on-the-job
experience is increased job knowledge, variously referred to
in the literature as professional mastery, expertise, adaptability, and the use of compensatory strategies. Studies have
shown that jobs that are stimulating or that enhance skill
development over time may positively affect productivity,
while jobs that are simple or highly routine may over time
produce workers who are unchallenged, bored, and eventually poor performers (79,80).
While there is accumulating evidence that job experience
is a better -that is, more valid and reliable -predictor of
productivity than is chronological age (76-78), further scientific study is needed to determine whether observed agerelated differences in productivity can be reduced or eliminated with greater job experience (47).

Productivity of older workers
In this section, we discuss the third domain in the age, health,
and work nexus, namely, productivity. We frame our discussion around 2 broad concepts of productivity that appear in
the literature in relation to older workers: job performance
and work capacity.

Job performance and the older worker
Job performance is the more conventional concept and historically is the most widely used measure of employee productivity, especially among employers and managers. With
respect to older workers the belief persists that advancing
age inevitably results in declining levels of on-the-job perfosmance despite the absence of solid empirical support (81).
Researchers in the broad field of gerontology have, of
late, devoted a great deal of attention to the issue of age and
job performance. (See, for example, the nassative literature
reviews of references 3,58, and 82-85; the meta-analyses
of references 8 1 and 86; and a recent review article, reference 25, that effectively combines both narrative and metaanalysis). This recent work notwithstanding, it is the 1983
exhaustive review of 28 empirical studies of the age-performance relationship by Doering et a1 (65) that is considered by many to be the definitive study of the aging employee. In these authors' view, the results are clearly mixed. In
some cases, there is support for the commonly held belief
that performance declines with age. Other studies provide
evidence that the performance of older workers tends to be
better in terms of accuracy and output consistency. Finally, a
considerable number of studies shows a nonsignificant rela-

tionship between age and level of performance. In a qualitative review of empirical investigations spanning 30 years of
research, Rhodes (87) concludes that (i) when a person's
unique abilities are matched to the organization's job requirements, good job pelfo~manceresults and (ii) when onthe-job experience is taken into account, performance tends
to be the same across age groups.
Claiming that the qualitative approach used by Rhodes
may result in "ambiguous or even erroneous interpretations"
[p 331, Waldman & Avolio (86) conducted a quantitative
meta-analysis of 40 studies of age and job pesfolmance published between 1940 and 1983. Their findings indicate that
chronological age accounts for only a small percentage of
the variance in job performance; in fact, several of the specific results point to peforinunce increments with advancing
age. McEvoy & Cascio (81) conducted a meta-analysisof 96
independent studies of aging and job performance, and their
results indicate that "age and performance appear to be generally unselated" [p 141. Likewise, Sterns & McDaniel(25)
concluded more recently that "regardless of whether supervisory ratings or production criteria are used to define perfosmance, the conclusion remains the same: the relationship
between age and job performance is exceedingly weak" [p
311. In any event, as Warn (84) argues, the "problem" of the
older worker is a restricted one, and we should not expect to
find decline in all aspects of job pesformance with advancing
age since there are many general work activities in which age
is a definite advantage or has negligible effects on performance.
Researchers specificallyinterested in age-related changes
in job performance typically distinguish 2 dimensions, namely, work attitudes and work behavior. A brief summary of
this research follows.

Work attitudes. The specific work attitudes addressed in
this section include job satisfaction, work motivation, and
organizationalcommitment. Detailed analyses of age and job
satisfaction have tended to be few and far between over the
years (87-91). Results of the studies published to date have
tended to be mixed and generally inconclusive, despite 1
researcher's (87) assertion that "there is overwhelming evidence that overall job satisfaction is positively associated
with age" [p 3311.
Linked to job satisfaction is work motivation which, according to Doering et a1 (65), can be defined as "the degree
to which the employee is motivated to perform well on the
job because of some subjective rewards or feelings that he
or she expects to receive as a result of performing well" [p
561. This definition reflects the conceptual links between the
work motivation literature and expectancy theory in the psychology literature. (See reference 70.) There is little research
on the specific relation of age to motivation; in addition, the
extent to which health status or health concerns may be implicated in the age-motivation relationship has yet to be explored.
Scand J Work Environ Health 1998, vol24, no 2
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The concept of organizational commitment refers to the
relative strength of a person's identification with and involvement in an organization (65). While the meta-analysis
conducted by Mathieu & Zajac (92) indicates a moderate
positive correlation between age and organizationalcommitment, the general consensus in the literature remains that
further research is warranted to clarify the nature of this
relationship.

Work behavior. The accident, absenteeism, and turnover
rates of older workers are among the most widely investigated aspects of the age-work relationship. Studies of age and
workplace accidents suggest that the age-accidentrelationship is best characterizedby 2 patterns of findings. First, the
rate of workplace accident occurrence is negatively correlated with employee age -older workers are generally less
likely to incur accidents than their younger counterparts (25,
93). Second, the severity of workplace accidents is positively correlated with employee age -workplace accidents involving older workers tend to result in more serious injuries
(ie, permanent disability,dismemberment,or death) (94). The
incidence of injury also varies by industry and occupation
(95) and by level of on-the-job experience (96).
The literature is generally inconclusive as to the relationship between age and absenteeism (97,98). It is often purported that, while older workers experience higher rates of
unavoidable absence from work (as measured by absence
duration), they have lower rates of avoidable absence (as
measured by absence frequency) than do younger workers
(36,65,99). Based on her review of the available evidence,
however, Rhodes (87) concluded that there is essentially no
logical age-absence pattern for either avoidable or unavoidable absence from work.
In an early major review of employee turnover research,
Poster & Steers (100) stated that the "existing empirical evidence generally agrees that there is a strong negative relationship between increased age and turnover" [p 1641. As
more recently noted by Sterns & McDaniel(25), however,
the current general consensus in the literature is clearly that
age and employee turnover are inversely and only slightly
related to one another (58,65,87, 101, 102).
The relationship between health and employee turnover
has been examined most specifically with respect to one kind
of turnover, namely, exit from the labor force altogether (ie,
retirement), especially regarding the influence of health on
the timing of retirement (103,104). According to McDonald
& Wanner (105), the most enduring controversy in the retirement literature concelns whether health or financial status
leads to early retirement -the so-called "health or wealth
debate". For instance, some research indicates that health
has a significant influence on the timing of retirement (106),
6
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especially early retirement (107). On the other hand, more
recent data suggest that financial and economic factors have
now surpassed health as the primary cause of early exit from
the paid labor force (108-1 11).

Conceptual limitations of job performance. As has been
concluded elsewhere (1 12), the cumulative knowledge base
on the effects of age-related changes in health on the productivity of older workers leaves much to be desired. For
example, the enormous variability in performance among older workers has yet to be adequately captured by our current
job performance measures. The International Labour Office
(ILO) (lo), in its recent World Labour Report, draws the
conclusion that "the average difference in performance between age groups is typically significantly less than the variation within each age group. Older workers being a very
heterogeneous group, differences in workpei$onnance should
not apriori be attributed to age" [p 47, emphasis added].
Others note the need for further investigation into the heterogeneity within older age groups (43,73).
Sterns &Alexander (82, p 256) have identified 2 major
conceptual limitations of job performance as an index of
age-related productivity: (i) the failure to recognize that ageperformancerelationshipscan differ substantially as a function of occupation or job requirements and (ii) the serious
lack of reliable data sources, especially in view of the great
problem of potential age bias in performance evaluation. 0thers have noted this need for better representative productivity data (113).
Another limitation of conventional methods of measuring employee productivity pertains to their failure to take
into account the compensatory skills or strategies of older
workers, referred to briefly earlier ( l 0 , l I, 39). In summary,
the ILO report (10) notes that "empirical research shows that
because of their longer experience, older workers usually
find ways to compensate for deficiencies and often still outpe~fo~rn
younger workers" [p 471.
A final, and perhaps the most critical, limitation of conventional measures of the job performance of older workers
concerns the extent to which it emphasizes functional capacity (82, 114)6of the individual worker and ignores specific
characteristics of the work itself -work content, work environment, and work organization (99, 115). Rix (3) claims
that "what appears to be an age-related performance decline
may actually be the result of a mismatch between the job and
the worker, which suggests that better matching of workers
and jobs could result in a more productive work force" [p
681. Alternatively, such declines in performance may be an
indication that the workplace or the work itself, and not necessarily the worker, may be the problem. Current changes in
the nature of work may also compound this issue (1 16).

"Functional capacity" is a concept around which there is considerable debate. For one perspective on this debate, see
Newquist ( I 14);for an opposing view, see Sterns & Alexander (82).
Scand J Work Environ Health 1998, "0124, no 2
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Productive potential and the older worker in relation to
the concept of work capacity
We believe that the relationshipbetween age-related changes
in health and the productivity of older workers is more adequately captured in the concept of "work capacity". This
emerging concept is the result of pioneering research being
conducted in Scandinavia on the impact of work-related factors such as work content and organization (among other
factors) on the productivity of older workers. Whereas the
concept of job performance focuses exclusively on the attitudes and behaviors of individual older workers, the concept
of work capacity requires that the productive potential of
workers not be thought of only in terms of the capabilities of
a person, but also in terms of the nature of the work itself,
specifically work demands.
A recent report on work and aging (15) conceptualizes
work capacity (also referred to as "work abilityw7)as "a comprehensive tern covering all the capacities necessary to perform a given type of work.. . [and] therefore includes physical, mental, and social functional capacities" [p 31. In this
way the concept of work capacity goes far beyond the much
narrower concept of functional capacity with its emphasis on
individual worker characteristics, such as physical fitness,
training, preexisting disease and disability, and the like.
Extensive research into developing a conceptual model
of work capacity, which includes both individualworker characteristics and work and job characteristics, has been conducted in Europe, particularly in Finland (1 17-1 19) and
The Netherlands (120,121). For example, the Finnish Institute of Occupational Health has set its highest priority for the
1990s on "maintaining the work capacity" of the aging Finnish labor force, by focusing on 3 areas of investigation: the
individual employee,the organization of the workplace, and
the demands of the work itself (1 17).
Although various work-related variables, such as physical demands and environmental stressors, have long been
implicated in the work-health relationship (122), age was
unfortunately not often a consideration in this area of investigation; in fact, the majority of studies have used samples of
young workers (probably for the sake of convenience). On
the basis of a 4-year follow-up study of 6257 Finnish workers 45 to 58 years of age, covering the physical, mental, and
mixed occupations,Ilmarinen and his associates (1 15) categorize work content, work environment, and work organization as the 3 main groups of risk factors for the older worker. Each of the 3 types of risks were found to predict accurately both the experienced decline in work capacity and the
observed rate of retirement due to disability over the 4-year
period of the study. Moreover, the results suggest that each
of the factors in the 3 domains can singly increase the risk
of a decline in work capacity and that the greater the number
7

of factors to which an older worker is exposed the higher the
overall risk of steep decline after 50 years of age.
The first of the 3 groups of risk factors that Ilmarinen
(1 15) discusses is work content, or the actual set of tasks
that together comprise any particular job. Earlier research
has indicated that, since the physical ability required of work
varies from occupation to occupation, the nature of the work
itself (ie, the work content) is typically the most important
determinant of the suitability of a worker for any given job
(123). Work content factors have in common the presence of
physical demands that are too high and, therefore, adversely
affect the work capacity of workers. Several specific risks
account for significant decreases in such capacity; they include static muscular work, use of muscular strength, lifting
and carrying, sudden peak loads, repetitive movements, and
simultaneouslybent and twisted work postures. Job redesign
efforts, directed toward lessening the load and h a m potential, as desclibed by Ilmarinen and his colleagues (115), can
involve changing the content of a particular type of job (or
more often of a single worker's job) by redistributing certain
tasks, such as lifting and carsying, to other jobs in the organization (43). In addition, employers can selectively implement recent technological advances, such as automation,that
have made possible the increased substitution of mechanical
and electronic systems for physical exertion (1 0,124).
The second group of work-related risk factors pertains to
the nature of the work environment (1 15).The evidence demonstrates that a stressful and dangerous workplace significantly contributes to the deterioration of work capacity. Specific risk factors include dirty and wet workplaces, accident
hazards, hot or cold workplaces, and changes in temperature
during the workday (10,15). Indeed, Jacobson's (125) earlier investigation of British factoly employees' willingness to
retire in relation to physical conditions of the job clearly
demonstrates the need to consider the severity of demands
placed on older workers by stress factors such as noise,
dust, fumes, heat, and humidity. More recently, Mitchell et a1
(126) have presented data showing that, on the average, bluecollar workers retire earlier than do white-collar workers,
with those employed in the service industry falling somewhere in between. In spite of these trends, however, much
can be done in terms of workplace intervention to either
prevent or reduce work limitations with a view to postponing
retirement and extending worklife. One option is to make
available to older workers advances that have been successful in optimizing the productive potential of handicapped
employees, such as the specialized technical devices used to
compensate for vision and hearing loss (124). There is also
the alternative option of transferring older workers to lighter
jobs where appropriate (10).
The organization of work is the third and final group of
risk factors identified by Ilmarinen and his associates (1 15).

According to WHO (15), the term "work capacity" can be used synonymously with "work ability" when a specific class of
work is being referred to.
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These factors, all highly typical of poorly organized work,
include role conflicts, unsatisfactory supervision and planning of work, fear of failure and mistake, time pressure, lack
of freedom of choice, lack of influence on own work, lack of
professional development,and lack of acknowledgment and
appreciation. Each of the items in this list, independent of
the others, has been shown to contribute significantly to the
deterioration of the work capacity of older workers (1 16).
These findings would appear to corroborate the demandcontrol model of the psychosocial conditions of work developed by Karasek & Theorell (127). If we combine the findings that situations of strain and increased risk of ill-health
occur when demand exceeds control with our knowledge of
age-related changes in health, the implications for the organization of work for an aging work force become increasingly
clear (65, 128).
After examining these 3 domains of work-related risk
factors, Ilmarinen and his associates (1 15) concluded that
the additive effect of combining several different types of
risks (eg, lifting plus heat plus time pressure) is a linear
increase in the risk of decreased work capacity. While the
overall pattern of workplace risk factors investigated did not
vary significantly by gender, there were slight variations according to the health status of individual employees, and
these slight variations may be associated with age. For example, the most hamful combination of risk factors for workers suffering from cardiovascular disease differs from that
for those with either musculoskeletal disease or mental disorders (1 15). In an attempt to operationalize the concept of
work capacity, researchers at the Finnish Institute for Occupational Health have developed a "work ability index" (115).
This index represents a composite of standard measures of
health status, such as the number of diagnosed diseases and
the number of sick days within the past year, in combination
with more subjectivemeasures, such as estimations of present
work ability in relation to physical and mental work demands
(as a function of the nature of the work itself) and personal
psychological resources.
We believe that the culrent and emerging work on conceptualizing and operationalizingthe concept of work capacity represents the most innovative and promising line of research on the relationships among age, health, and the productivity of older workers. In order to integrate current and
emerging thinking on the determinants of work capacity, efforts are being made to develop conceptual models of this
construct (1 17,119,121). In discussing a recent version of
one such model, Ilmarinen (1 19) states that their "comprehensive model for promoting the work ability of aging workers . . . is based on three groups of actions" [p 351, including actions in the work environment,including the organizational aspects of work, and improving the functional capacity of individual workers. In recognition of this interdependence between individual and structural factors in determining
the work capacity of older workers, the ILO 1995 World
Labour Report (10) concludes that "the degree to which
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working capacity meets work demands will affect productivity, and the difficulties that workers may encounter in meeting these demands may lead to stress and work-related diseases and disabilities" [p 461. Therefore, as Ilmarinen and
his associates recommend (1l7), "support for the older worker should always be combined with efforts in the workplace
to adapt physical working conditions to suit the worker (ergonomics), and approp~latepsychosocial action" [p 351.
In summary research indicates that, in general, the productive potential of the majority of older workers remains
high and that age-related changes in health have a minimal
effect. The attitudes and behavior of the older worker are
generally considered to be highly congruent with effective
organizational functioning (65). Indeed, according to Peterson & Coberly (16), "it. . . seems fair to conclude that age
is not an automatic detriment to productivity" [p 1241 and,
further, that there is reason to believe that the work capacity
of older workers may well be on the increase. In addition, as
the Z O repost (10) notes, "in work situations where ageing
workers do encounter difficultiesin coping with the demands
of their job, there are several ways in which working conditions can be adjusted to maintain work capacity, preserve
health, and prevent accidents" [p 471.
In terms of the current state of research, the emerging
conceptual models of work capacity are the key to addressing the major issues of an aging work force. As Knowles
(129) has argued, "the question 'Can older workers remain
competitive?' is not the real issue facing [society] today.
Rather, it is: 'How do you convince corporate [capital] that
older workers are and can remain competitive?"' [p 161. A
related question we would ask is "What changes are required
in the workplace, in the nature and organization of work
itself, in order that we, as a society, can best enhance the
work capacity and, thereby, maximize the productivity of
older workers?"

Conclusions with respect to implications for
research and policy
Many of the documents and papers reviewed for this paper,
often themselves reviews, make their own recommendations,
both for further research and for corporate or social policy,
to address the issues of an aging work force (8,lO-12,15,
130). Rather than reproduce all of them, we would like to
indicate briefly those that are the most relevant to the focus
of this paper, namely, the effects of age-related health changes on productivity - framed as the work capacity - of
older workers.

Implications for future research
It is clear from the literature reviewed for this paper that,
although considerable research has been done on the health
of people over 65 years of age, very little is known about the
overall health (physical, psychological, social) of, and health
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changes in, middle-aged people (aged 4 M . 5 years). In addition, not enough is known about the extent to which certain determinants of health (eg, race or ethnicity, gender,
class) produce differentialrates of aging. Specifically, WHO
(15) recommends that research is needed to "develop better
tools for surveillance and assessment of age-specific health
and employment issues" [p 351. In addition, fundamental
questions remain about the meaning of health in the workplace, for example, what precisely is workplace health; is
poor health caused by work, poor health made worse or
exacerbated by work, or poor health manifested through
work; what about the implications of previous injury or illness for workplace health; how does workplace health relate
to overall health?
Much still remains unknown in terms of the productive
potential of older workers. For example, the National Advisory Council on Aging (1 1) asks: "What effect, if any, does
aging have on continuing competency and workplace perfosmance?"p 231. Sterns & McDaniel(25) recommend that
research be conducted on the physical and psychological
compensatorymechanisms used by older workers. Addressing these kinds of issues, WHO (15) proposes an inclusive
and extensive research agenda, including "research [that covers] not only theoretical aspects, but also the validation and
evaluation of methods of adapting jobs to suit older workers" [p 3.51.
More research is also required on the effects of the nature of work and work conditions on the aging process; for
example, are there differential rates of aging for different
occupational groups? Research questions such as this highlight the conceptual difficulty of separating "natural aging"
from the accumulation of life-long assaults on health, one of
which may be workplace or occupational physical and psychological hazards. In this regard, ILO (10) recommends
that "studies be undertaken to identify the types of activity
likely to hasten the ageing process or in which older workers
encounter difficulties in adapting to the demands of their
work, to determine the reasons, and to devise appropriate
solutions" [p 461.
ILO (lo), Ilmarinen (1 16), Stems & McDaniel(25), and
WHO (15) all recommend that more research on the conceptual development and application of the notion of work capacity be conducted. More precise information on job demands and the fit between job demands and job pet-fosmance
is required for this research task, and it would include addressing the following questions raised by the National Advisory Council on Aging (1 1): (i) what are the best ways to
modify the workplace to fit the perceptual and cognitive needs
of workers as they age and (ii) what are the most effective
ways of retraining workers to prepare them for the job changes they will face as industry adopts new technologies? We
also need to know more about how older workers adapt to
changes in work or the workplace and how the changes might
be implemented in ways which make them acceptable to older
workers.

lrnplications for corporate policy
The research reviewed for this paper has implications for
corporate policy primarily in terms of increasing the work
capacity of older workers by, first, adapting work tasks, work
conditions, and work arrangements and, second, providing
training and reskilling opportunities so that there is more of
a match between work demands and the changing capabilities of older workers. A recent report of ILO (10) reiterates
its older (1980) worker recommendations to address these
issues. At a general level these include modifying the forms
of work organization and work time that lead to stress or to
an excessive pace of work in relation to the possibilities of
the workers concerned, in particular by limiting overtime;
and adapting the job and its content to the worker by recourse to all available technical means and, in pasticular, to
ergonomic principles, so as to presesve health, prevent accidents, and maintain work capacity. IL0 (10) also makes more
specific recommendations at the enterprise level; one such
example is enabling older workers to organize their worktime and leisure to suit their convenience, particularly by
facilitating part-time employment and providing for flexible
workhours.
For a more-detailed discussion of further implications
for corporate policy on changes in work conditions to accommodate older workers, see the IAW review paper, "Work
Organization and the Aging Workforce" (128).
lrnplications for social policy
The conclusion of many of the documents and papers reviewed is that employment decisions about older workers recruitment, promotion, training, and retirement -should
be function-based rather than age-based (10, 15,25, 131).
Associated with this conclusion are calls for legislation prohibiting age discrimination, such as the 1967 Age Discrimination in Employment Act in the United States (24). van der
Velden (132) of The Netherlands goes further and recommends a comprehensive "age-conscious social policy" with
respect to aging and work. He defines this as "a policy that
intends to deal with the varying situations and needs of persons of different ages" [p 3581. Such a policy "not only
aims at the older worker, but starts at the beginning of one's
working life", and would include the following dimensions:
"proactive" policy for those aged 25 years and over, such as
career planning, "preventive" policy for those 45 years of
age and over, such as incentives for adjusting work conditions so that workers function optimally, and "corrective"
policy for those 55 years of age and over, such as flexible
retirement options withoutjeopardizing pension status (132,
pp 360--362). Clearly, social policy which addresses issues
of an aging work force must include retirement policies and
benefits, public pension programs and policies, as well as
overall national social security systems.
This paper presented a summary of a review of relevant
past and present research investigating the productivity of
Scand J Work Environ Health 1998, "0124, no 2
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older workers. It is clear that many important research and
policy issues remain unresolved and that, as concerns about
the aging of the population in general and the aging of the
work force in particular appear to be increasing, the issues
raised will become even more pressing. We need not, however, believe ourselves to be at the mercy of demographic
and economic imperatives, as if these existed outside the
realm of public discussion and debate. Continued research
on the issues of an aging work force, such as that presented
in this paper, the longer review from which it was condensed,
and the larger research project for which that review was
written, are major contributions to the policy outcomes of
this public discussion and debate.
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